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[57] ABSTRACT

A B type titanium alloy material is passed through pro-
cesses and heating treatments of cold working—inter-
mediate solution treatment—final cold working—final
solution treatment—aging. In this process, a structure,
which has been provided with strains by the cold work-
ing performed prior to the final cold working, will be
changed into a recrystallized structure by carrying out
the intermediate solution treatment, where uniform and
fine micro substructure of dislocations, remain with
grains. If such an intermediate solution-treated material
1s processed with a slight cold working by the final cold
working and further with the solution treatment, only a
recovery phenomenon progresses, and it is possible to
provide such a micro substructure containing more
uniform and finer dislocation network not only in grains
but also in grain boundaries. Therefore, in the aging,
expedition of precipitation and uniform distribution of a
crystals will be realized in the grains and grain bound-
ary regions, and intergranular cracking is difficult to
take place, and alloy materials having high strength and
high ductility may be produced.

20 Claims, 1 Drawing Sheet
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1
METHOD FOR PRODUCING BETA TYPE
TITANIUM ALLOY MATERIALS HAVING
EXCELLENT STRENGTH AND ELONGATION

BRIEF DESCRIPTION OF THE INVENTION

The invention relates to a method for producing B'

type titanium alloy material having excellent high
strength and high ductility, in which a 8 type titanium
alloy matertal 1s passed through mechanical processes
and heating treatments of cold working —intermediate
solution treatment—final cold working—final solution
treatment—aging. In this process, a structure, which
has been provided with strains by the cold working
performed prior to the final cold working, will be
changed into a recrystallized structure by carrying out
the intermediate solution treatment, where uniform and
fine micro substructure of dislocations remains within
grains. If such an intermediate solutiontreated material
1s performed with a slight cold working by the final
cold working and further with the solution treatment
only a recovery phenomenon progresses, it is possible
to provide such a micro substructure containing more
uniform and finer dislocation network not only in grains
but also in grain boundary regions. Therefore, in the
aging, expedition of precipitation and uniform distribu-
tion of a crystals may be realized in the grains and grain
boundary regions. As a result, intergranular cracking is
difficult to take place, and alloy materials of higher
strength and higher ductility than the prior art may be
produced (strength: more than 170 kilogram force
(kgf)/mm? and elongation: more than 5%).

BACKGROUND OF THE INVENTION

B type titanium alloys such as Ti-159%V-3%Cr-

3%Sn-3%Al, or Ti-3%Al-8%V-6%CR-4%Mo-4%Zr
are excellent in cold workability, and are sometimes
used for cold rolled thin plates, cold drawn bars or wire

materials. The strength of these 8 type titanium alloy
materials is increased as the degree of cold working is
increased. As a result, for example, in Ti-15%V-3%Cr-
3%3Sn-3%Al alloy, the maximum strength may exceed
165 kgf/mm?. However, elongation in this case is at
most about 1%. Since the ductility is decreased as the
strength is increased, heat treating conditions are se-
lected which may maintain the elongation value while
controlling the strength in practice.

The cold worked material of 8 type titanium alloy is
subjected to the solution treatment—aging treatment
after the cold working, or the cold working—aging
treatment. If the cold worked strain is kept as cold
worked or the solution temperature is low enough to
retain most of the cold worked strain, precipitation of
crystal is accelerated and refined in the aging, so that it
s possible to increase the strength while increasing the
cold reduction. On the other hand, since the precipita-
tion of a phase particle in the grain boundary is remark-
ably expedited in comparison with interiors of the crys-
tal grain together with increasing the degree of cold
working, the grain boundary is easily destroyed as the
degree of cold working is decreased. Therefore, in the
cold worked material by the prior art, the strengh is
limited to the 165 Kgf/mm?2, and the high strength ma-
terial has low elongation. value.

The present invention is to provide a method for

producing titanium alloy materials WIthout convern-
tional defects.
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It 1s an object of the invention to provide a method
for producing 8 type titanium alloy materials enriched
with high strength and ductility.

It 1s another object of the invention to provide a
method for producing 8 type titanium alloy materials
having high strength and ductility, irrespectively of
plate thickness.

SUMMARY OF THE INVENTION

The invention subjects a 8 type titanium alloy mate-
rial to a cold working at more than 30%, an intermedi-
ate solution treatment at a temperature of higher than 8
transus temperature, a final cold working between more
than 3% and less than 30%, and finally to a final solu-
tion treatment and aging treatment.

With respect to the intermediate solution treatment,
upper limits are determined to the treating temperature
and the treating time in order to maintain effects of
refining grains generated through the cold working.
That 1s, the intermediate solution treatment is prefera-
bly carried out within a temperature range of Tpg to
Tg4-200° C. (Tg: B transus temperature) and within a
period of time of 60—1/5(Ts—Tpg) (Ts: intermediate
solution treatment temperature).

Under the above mentioned conditions, sufficient
effects may be obtained to thin plates of less than 2 mm
in thickness, though if a plate thickness is more than 2
mm, the effects would not be uniform. For providing
high strength and high value of elongation, irrespec-
tively of plate thickness, the treating conditions must be
more severely determined. The 8 titanium alloy mate-
rial is passed through the cold working at more than
30%, recrystallized by increasing the temperature at a
heating rate of faster than 2° C./sec to higher than the 3
transus temperature, and cooled down to the tempera-

- ture of not higher than 300° C. Thus the intermediate
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solution treatment is finished. Subsequently, said mate-
rial 1s passed through the final cold working at a degree
of cold working of between 3% and 30%, and is fol-
lowed by final solution treatment. Final solution treat-
ment consists of heating up to a temperature of higher
than 8 transus temperature at heating rate of faster than
2° C./sec, keeping at the temperature for some period,
and cooling down to a temperature of lower than 300°
C. at a cooling rate of faster than 2° C./sec. Aging
treatment will follow for obtaining high strength.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 shows balance between strength and elonga-
tion of titanium alloy material produced by the present
invention together with balance between strength and
elongation of titanium alloy material produced by the
conventional methods.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention will be explained in detail to-
gether with limiting reasons therefor.

In the invention, beta type titanium alloy products
which have been hot rolled or hot rolled, cold rolled
and intermediately solution treated for more than once,
are subjected to the cold working (prior to a final cold
working) of more than 30% of degree of cold working
(in case of cold rolling, it is reduction). |

The reason for specifying the degree of cold working
as more the 30% prior to the final cold working, is
because if it were less than 30%, recrystallization would
not be expedited during the intermediate solution treat-
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ment, and not only final products would have coarse
grains, but aiso distribution of residual strain of the cold
working after the intermediate solution would be 1rreg-
ular with coarse density. Due to said irregularity, strains
of the cold working would be irregular in distribution
and coarse in density, consequently, the strain after final
solution treatment would be also irregular. Therefore, it
is impossible to provide such cold worked materials
having high strength and high ductility after aging.

After said cold working, the intermediate solution
treatment is performed at a range of higher than S
transus temperature, especially at a temperature range
of Tg to Te2+200° C. (Tg: 8 transus temperature) and
within a period of time of 60—1/5(Ts—Tg) (Ts: inter-
mediate solution treatment temperature).

The reason for providing upper limits to the interme-
diate solution temperature and time, i1s because if said
temperature and time exceeded said limits, recrystalliza-
tion would be completed and grains would grow, and
not only refining effect by the cold working would be
lost, but residual strain of the cold working would be
lost, and material characteristics of the high strength
and high ductility of the final aged material would be
nullified.

As seen above, after the intermediate solution treat-
ment, the final cold working is done at the degree of
between more than 3% and less than 30% (in the case of
cold rolling, it is reduction).

The reason for specifying the degree of the final cold
working at more than 3%, 1s because if it were less than
3%, the strain of the cold working would be irregularly
distributed, so that 8 phase would be precipitated irreg-
ularly in the final aged material, and the high strength
and high ductility are lost. On the other hand, the rea-
son for specifying the degree of final cold reduction less
than 30% is because if it were more than 30%, recrystal-
lization would be expedited during the final solution
treatment, and effect of giving strain of the cold work-
ing by the final cold working would be lost.

The cold worked material is, after the final cold
working, undertaken with the final solution treatment
and the aging treatment.

The reason for specifying the reheating temperature
for the intermediate and final solutions at a temperature
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were lower than the £ transus temperature, a crystal
would be precipitated during the solution treatment.

With respect to the thin plates having thickness of
less than 2 mm, satisfied effects would be available
under the above mentioned condition, but if the thick-
ness exceeds 2 mm, the satisfied effects could not be
obtained constantly. For providing the high strength
and high ductility, irrespectively of the plate thickness,
the treating conditions must be severely specified.

That 1s, in the intermediate solution treatment, the
temperature 1s increased to the range of more than the 8
transus temperature at the heating rate of more than 2°
C./sec, and after completion of the recyrstallization the
temperature is lowered not higher than 300° C. at the
cooling rate of faster than 2° C./sec. Further in the final
solution treatment, the temperature is increased to a
temperature of higher than 8 transus temperature at the
heating rate of faster than 2° C./sec, and the tempera-
ture is lowered to not higher than 300° C. at the cooling
rate of faster than 2° C./sec.

The reason of specifying the conditions is to intend
control of the heating and cooling rates such that «
crystal would precipitate during neither heating nor
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cooling through a+ 3 region in the intermediate or
final solution treatment. If the heating rate were too
slow during the solution treatment, a crystal would be
precipitated on micro-substructure in the a+ 3 range on
the way of heating to the 8 phase region. Since this
precipitated a crystal would remain for a while after the
reaching of temperature to the 8 phase region, the
micro substructure would be destroyed in recovery
phenomena thereof, and as a result the recovered struc-
ture would be non-uniform, and the precipitation of the
a crystal during aging would be not uniform and the
strength would be lowered. If the cooling rate during
solution treatment were too slow, the precipitation of
the a crystal would take place onto the recovered
micro substructure, and the precipitated a crystal
would become large during aging, so that the precipi-
tate of 8 phase during aging would be not uniform and
the strength would be lowered. However, under the
above stated strict conditions, the recovered uniform
structure could be obtained by controlling the heating
rate and the cooling rate during solution treatment, not
depending upon the plate thickness.

The reason for determining the heating rate and the
cooling rate at faster than 2° C./sec during the interme-
diate and the final solution treatments, is because if the
heating rate and the cooling rate were less than 2°
C./sec, the a crystal would be precipitated during heat-
ing and cooling, and subsequently the precipitation of
the a crystal would become non-uniform or coarse, and
the material characteristics of the high strength and the
high ductility would be lost. Upper limits of the heating
and cooling rates are not especially determined. If being
more than 100° C./sec the materials would be de-
formed, so preferably the upper limits are 100° C./sec.

The cooling rates at the intermediate and final solu-
tion treatments are controlled to the temperature of not
more than 300° C., because if the cooling rate were
controlled to the temperature of more than 300° C,, the
a crystal would be precipitated during the cooling to
300° C. The precipitation of the a crystal deteriorates
the property of the final aged material as mentioned
above.

The cold worked material of the conventionally fore-
going (3 type titanium alloy is produced through hot
working—solution treatment—cold working—solution
treatment—aging treatment (the solution treatments
may be omitted). In the solution treatment after the cold
working, the recrystallization is developed, but such a
structure where uniform and fine micro substructure
remain in grains, may be obtained through the selection
of the conditions of solution treatment. If the solution
treated material where a micro substructure of disloca-
tion remains, is subjected to the aging treatment, expedi-
tion and uniforming of the precipitation of the a crystals
are brought about and the cold worked material may be
provided with high strength in comparison with hot
worked material. In comparison with the interior of the
grain, the dislocations easily cohere in the grain bound-
ary regions, and the a crystals are eastly precipitated
during aging in lamella around the grain boundary.
Therefore, in the aged matenial by the foregoing pro-
cess, intercrystalline cracking easily takes place, and in
the cold worked material of 8 titanium alloy, the limit
of the strength is about 165 Kgf/mm?2, and the value of
elongation is low.

On the other hand, the present invention employs hot
working—solution treatment (which may be omitted-
)—cold working—intermediate solution treatmen-
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t—cold working—solution treatment—aging treatment.
One of the important elements is the intermediate solu-
tion treatment. The structure by the strain of the cold
~working before the final cold working, becomes a re-
crystallized structure where uniform and fine dislocated
micro substructure remains in the grains by the interme-
diate solution treatment. If a slight cold working is
added to the material with a substructure of dislocations
after the intermediate solution treatment and a further
solution treatment is carried out, only recovery
phenomina develop a more uniform and finer micro
substructure of dislocations can be obtained. Therefore,
the precipitation of the a crystal is expedited during
aging, and uniform aged structure is formed about grain
boundaries and within the grains. As a result, intergran-
ular fracture is difficult to occur, and cold rolled plates
may be produced of higher strength and higher value of
elongation in comparison with conventionally existing
materials.

Further, with a severe control of both cold working
and solution treatment after cold working (especially
controlling of heating rate and cooling rate in solution
treatment) it is possible to produce titanium alloy mate-
rials of 8 type which are excellent in strength and elon-
gation, if they are even large thicknesses.

The present invention is applicable not only to alloys
of Ti-15%V-3%Cr-3%Sn-3% Al but general 8 alloy
materials such as Ti-3% Al1-89%Cr-6%Cr-4%Mo-4%Z.r,
etc. In addition, this invention is also applicable to the
production of round bar materials by cold forging, cold
drawing, etc., other than the production of the cold
rolled plates, which have high strength and high elon-
gation equivalent to those of the above mentioned cold
rolled products, by following the producing conditions
of this invention.

By repeating the processes of the cold working——the
intermediate solution treatment, the effects to be

brought about by this invention could be confirmed by
following the conditions of the invention in the cold
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the intermediate solution treatment before the final cold
working process and the final cold working process.

EXAMPLE 1.

A cast ingot of 550 mm diameter of Ti-15%V-3%Cr-
3%3Sn-3%Al which is a typical 8 type alloy, was heated
to the temperature of 1050° C. and subjected to the hot
forging to a slab of 200 mm thickness. Table 1 shows
chemical composition of tested material (Tg=729° C.).
Said slab was heated to the temperature of 950° C., and
hot-rolled to the 20 mm thickness, and was undertaken
with the solution treatment of 20 min at the temperature
of 800° C. so as to produce the material for cold rolling.
In the cold rolling, samples of from 2.8 mm to 20 mm
were cut out from said hot rolled plate, and finished to
cold rolled plates of the final thickness being 2 mm
(some of them being 1 mm) through a primary cold
rolling (the cold rolling prior to the final cold rolling at
a reduction of between 20 and 80%) and a secondary
cold rolling (the final cold rolling at a reduction of
between 0 and 50%).

‘The final heat treating conditions of the cold rolled
materials were 800° C. <20 min (the final solution treat-
ment )—air cooling—510° C. X 14 hr (aging treatment-
)—air cooling. The mechanical properties of the hot
treated materials were studied with tensile testing pieces
of parallel portion being 12.5 mm width and 50 mm
guage length cut out in L direction. Table 2 shows the

cold rolling——heat treating conditions and properties of
the cold rolled materials obtained thereby. It can be
seen in Table 2 that the method of this invention could

bring about the material properties of strength of more
than 170 kgf/mm? and elongation of more than 5% (A
range of FIG. 1)

TABLE 1

(wt %)
V Cr Sn Al Fe O C N

H Ti

15.10 3.36 3.04 337 0.17 0.14 0004 0.0080 0.0061 Rest

TABLE 2

solution treatment conditions

| Prior to Final cold rolling YS TS
No. A B C D E F (Kgf/mm?) (Kgf/mm2) El (%)
INVENTION
| 30 800 20 458 10 2 164.53 174.36 7.3
2 50 4 ' & oo 165.22 174.95 6.9
3 80 ' e 162.61 175.83 5.3
4 ' 730 & 59.8 oo 171.31 177.54 5.2
5 . 4 58 & oo 168.38 175.02 7.9
6 " 925 10 20.8 oo 169.28 174.56 7.2
7 " o 20 "o 16533 174.21 7.5
8 ' 800 ' 58.6 3 " 168.72 178.20 6.4
9 " : " 4 15 162.72 170.52 7.0
10 & 4 10 1 19140 201.7 7.8
_PRIOR ART

11 20 800 20 58.6 10 2 146.32 155.92 6.3
12 27.5 4 4 4 oo 147.31 159.10 6.1
13 80 725 4 61 neoow 141.33 153.21 2.3
14 4 730 65 59.8 oo 127.56 139.33 8.2
15 " 925 25 20.8 oo 126.38 138.56 9.3
16 4 930 10 19.8 noom 126.53 137.90 8.1
17 & 800 20 58.6 0o 121.23 133.00 6.0
18 4 ' & " 2 " 127.62 140.32 2.3
19 & 4 ’ " 30 125.34 137.11 5.3

Intermediate |
Mechanical Properties
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TABLE 2-continued

Intermediate
solution treatment conditions

Mechanical Properties

Prior to Final cold rolling YS TS
No. A B C D E F (Kegf/mm?) (Kgf/mm?) El (%)
20 ' ' ' & 50 " 123.14 135.62 6.2

Note

A: Reduction (9%) in the cold rolling prior to final cold rolling
B: Solution treatment temperature ("C.)

C: Solution treatment time (min)

D:60-1/5(Ts - TR)

E: Reduction (%) in final cold rolling

F: Plate thickness (mm)

EXAMPLE 2

Slabs were produced under the same chemical com-
position and conditions as Example 1, and these slabs
were heated to the temperature of 9350° C., and hot-
rolled to the 80 mm thickness, and undertaken with the
solution treatment for 20 min at the temperature of 800°
C. so as to produce the material for cold rolling. In the
cold rolling, samples of from 2.8 mm to 55 mm were cut
out from said hot rolled plate (80 mm thickness), and
finished to cold rolled plates of the final thickness being
5 mm (some of them being 10 mm) through a primary
cold rolling (the cold rolling prior to the final cold
rolling at a reduction of between 20 and 80%) and a
secondary cold rolling (the final cold rolling at reduc-
tion between 0 and 50%).

20

25

30

The intermediate and final solution treating condi-
tions were 710° C. to 900° C.x1 to 20 min, and the
heating and cooling rates during the solutton treatments
were changed between 1.0° C./sec and 10° C./sec. The
aging condition for each was 510° C. X 14 hr—air cool-
ing. The mechanical properties of the hot worked mate-
rials were studied with tensile testing pieces of parallel
portion being 12.5 mm width and guage lenth cut out in
L. direction. Table 3 shows the cold rolling—heat treat-
ing conditions and properties of the cold rolled materi-
als obtained thereby. It is seen from table 3 that al-
though the thickness was more than 5 mm, the method
of this invention could stably bring about the material
properties of strength of more than 170 kgf/mm? and
elongation of more than 5% (A range of FIG. 1) by
satisfying the cold rolling and heat-treating conditions.

TABLE 3

Intermediate

solution treatment conditions
Prior to Final cold rolling

No. A G H I J E

_INVENTION

1 30 800°C.X20min 5 5 35 10

2 50 " o

3 80 " o
4 " " 2

5 " " s 2 v

6 " " "5 300 "

7 " g L
10 " 90°C.X1lmin " 7 7
11 " " L
12 " 800°C.X20min " " "3
13 " " A A &
14 " " S (¢
15 " " 0 10 "

_PRIOR ART

16 20 800°C.X20min 5 5 35 10
17 27.5 " S
18 80 " L
19 " " s 1
20 " " © 5 315 "
21 " " " 35
22 " " . "
23 " " S
24 " 710°C.X 20min " "
25 " 800°C.X20min " " 7"
26 " " S
27 " " S
28 " " T30
29 " " S - o

_Mechanical Properties
YS TS

Final solution treatment conditions (Kgf/ (Kgf/  El
F G H I 7 mm) mm?d) (%)
5 8§00°C.X20min 5 5 35 16430 17531 7.9
7 L " ' "’ 16491 175.63 6.8
T " & " o 162,35 175.91 5.9
" " " " " 171.11 178.20 3.6
z re " " " 168.19 176.11 8.0
T e " !’ '’ 169.33 174.32 7.5
’ : 2 5 " 16546 17402 7.3
& r 5 2 " 160.10 173.12 5.7
L " ' 5 300 166.33  177.11 7.3
r # ’ o a 189.14 199.80 7.8
" 900°C.X lmin 7 " 100 16441 17531 59
" 800°C.X 20min " 35 16836 17831 6.6
z " " '’ " 162.71 170.63 7.3
10 " 5 D " 163.91 174.93 7.7
5 " 10 10 o 184.33 194,73 7.5
5 800° C. X 20 min 5 5 35 14599 156.12 6.3
7 't & ' ! 147.10 160.13 6.2
Z L " " o 141.46 153.20 3.3
’" z L " ” 127.43 138.99 8.8
1 L ' " " 126.55 138.21 9.9
& ' 1 5 ' 126.81 137.91 9.0
" & 5 1 H 121.80 133.88 6.8
L ' o 5 315 127.93  141.21 2.0
" e o o 35 123.45 135.51 6.1
" 710°C.X 20min “ " " 12956 14033 6.0
' 800° C. X 20 min " ! ' 121.00  133.36 6.7
z ' ' ' ' 127.88 140.33 2.2
r e " ' ' 125.56 137.20 5.3

' H " o o 123.01 135.81

6.1
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TABLE 3-continued

Intermediate

solution treatment conditions
Prior to Final cold rolling

No. G H I J E
30 r r rr H ry 10

Note

A: Reduction (%) in the cold rolling prior to final cold roiling
E: Reduction (%) in the final cold rolling

F: Plate thickness {mm)

G: Solution treatment temperature X Time

H: Heating rate (*C./sec)

I: Cooling rate (*C./sec)

J: Cooling stop temperature (*C.)

What is claimed is:

1. A method for producing B8 type titanium alloy
materials having excellent strength and elongation,
comprising a cold working at more than 30%, and inter-
mediate solution treatment at a range of higher than 3
transus temperature, a final cold working between more
than 3% and less than 30% and a final solution treat-
ment and an aging treatment.

2. A method for producing beta type titanium alloy
materials having excellent strength and elongation,
comprising subjecting a beta type titanium alloy mate-
rial to a cold working at more than 30%, after it has
undergone a process consisting of a cold working—in-
termediate solution treatment more than once; subse-
quently to an intermediate solution treatment at a range
of higher than beta transus temperature; to a final cold
working between more than 3% and less than 30%:; and
to a final solution treatment and an aging treatment.

3. A method for producing 8 type titanium alloy
materials having excellent strength and elongation,
comprising, after a cold working at more than 30%,
subjecting a 8 type titanium alloy materials having been
solution-treated after hot working, to an intermediate
solution treatment at a range of higher than 8 transus

temperature; to a final cold working between more than
3% and less than 30%; and subsequently to a final solu-
tion treatment and an aging treatment.

4. A method for producing beta type titanium alloy
materials having excellent strength and elongation,
comprising subjecting a beta type titanium alloy mate-
rial having been solution-treated after hot working, to a
cold working at more than 30%, after it has undergone
a process consisting of a cold working-intermediate
solution treatment more than once; to an intermediate
solution treatment at a range of higher than beta transus
temperature; to a final cold working between more than
3% and less than 30%; and subsequently to a final solu-
tion treatment and an aging treatment.

5. A method for producing 8 type titanium alloy

materials having excellent strength and elongation,

comprising, after cold working at more than 30%:; heat-
ing a B type titanium alloy material to a range of more
than 3 transus temperature at heating rate of more than
2° C./sec; and after completion of recrystallization,
cooling said alloy to a temperature of not higher than
300° C. at cooling rate of more than 2° C./sec so as to
finish an intermediate solution treatment; carrying out a
final cold working between more than 3% and less than
30%; and in a subsequent final solution treatment, heat-
Ing to a range of more than 3 transus temperature at
heating rate of 2° C./sec, and cooling to a temperature
of not higher than 300° C. at cooling rate of higher than
2° C./sec; and carrying out an aging treatment.

6. A method for producing 8 type titanium alloy
materials having excellent strength and elongation,
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Mechanical Properties

YS TS
Final solution treatment conditions (Kgt/ (Kgf/ El
G H I ] mm?) mmd) (%)
' 1 5 ' 125.55 13730 3.5

comprising cold working a 8 type titanium alloy mate-
rial at more than 30%, after more than once of a process
consisting of a cold working-—intermediate solution
treatment; heating it to a range of more than 3 transus
temperature at heating rate of faster than 2° C./sec; and
after completion of recrystallization, cooling said alloy
to the temperature of not more than 300° C. at cooling
rate of faster than 2° C./sec so as to finish an intermedi-
ate solution treatment; carrying out a final cold working

at degree between more than 3% and less than 30%:
and 1n a subsequent final solution treatment, heating to -
a range of higher than 8 transus temperature at heating
rate of faster than 2° C./sec, and cooling to a tempera-
ture of not higher than 300° C. at cooling rate of faster
than 2° C./sec; and carrying out an aging treatment.

7. A method for producing £ type titanium alloy
materials having excellent strength and elongation,
comprising subjecting, a 3 type titanium alloy materials
having been solution-treated after hot working, to a
cold working at more than 30%; heating said alloy at a
range of higher than B transus temperature at heating
rate of faster than 2° C./sec; and after completion of
recrystallization, cooling said alloy to a temperature of
not higher than 300° C. at cooling rate of faster than 2°
C./sec so as to finish an intermediate solution treatment;
carrying out a final cold working between more than
3% and less than 30%:; and in a subsequent final solution
treatment, heating to range of higher than 8 transus
temperature at heating rate of faster than 2° C./sec, and
cooling to a temperature of not higher than 300° C. at
cooling rate of faster than 2° C./sec; and carrying out an
aging treatment.

8. A method for producing B8 type titanium alloy
materials having excellent strength and elongation,
comprising subjecting, a 8 type titanium alloy materials
having been solution-treated after hot working, to a
cold working at higher than 30%; heating said alloy to
a range of higher than 3 transus temperature, after more
than once of a process consisting of a cold working—in-
termediate solution treatment; and after completion of
recrystallization, cooling said alloy to a temperature of
not higher than 300° C. at cooling rate of faster than 2°
C./sec so as to finish an intermediate solution treatment:
carrying out a final cold working between more than
3% and less than 30%; and in a subsequent final solution
treatment, heating to a range of higher than 3 transus
temperature at heating rate of faster than 2° C./sec, and
cooling to a temperature of not higher than 300° C. at
cooling rate of faster than 2° C./sec; and carrying out an
aging treatment. '

9. A method as claimed in claim 1, comprising before
the final cold working, carrying out the intermediate
solution treatment at a temperature range of T8 to
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Tg+200° C. for a period of time of 60 —1/5 (Ts—TS)
minutes, wherein TS is the transus temperature and T's
1s the intermediate solution treatment temperature.

10. A method as claimed in claim 2, comprising be-
fore the final cold working, carrying out the intermedi-
ate solution treatment at a temperature range of TS to
Tg+200° C. for a period of time of 60 —1/5(Ts—Tp)
minutes, wherein TS is the transus temperature and Ts
is the intermediate solution treatment temperature.

11. A method as claimed in claim 3, comprising be-
fore the final cold working, carrying out the intermedi-
ate solution treatment at a temperature range of 183 to
Tp+200° C. for a period of time of 60—1/5(Ts—TS3)
minutes, wherein T is the transus temperature and Ts
is the intermediate solution treatment temperature.

12. A method as claimed in claim 4, comprising be-
fore the final cold working, carrying out the intermedi-
ate solution treatment at a temperature range of T8 to
Tg+200° C. for a period of time of 60 —1/5(Ts—TS)
minutes, wherein T is the transus temperature and Ts
is the intermediate solution treatment temperature.

13. A method as claimed in claim §, comprising be-
fore the final cold working, carrying out the intermedi-
ate solution treatment at a temperature range of TS to
Tg+200° C. for a period of time of 60—1/5(Ts—TpR)
minutes, wherein TS is the {ransus temperature and T's
is the intermediate solution treatment temperature.
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14. A method as claimed in claim 6, comprising be-
fore the final cold working, carrying out the intemedi-
ate solution treatment at a temperature range of T3 to
Tg+200" C. for a period of time of 60—1/5 (Ts—Tf)
minutes, wherein TS 1s the transus temperature and Ts
1s the intermediate solution treatment temperature.

15. A method as claimed in claim 7, comprising be-
fore the final cold working, carrying out the intermedi-
ate solution treatment at a temperature range of TS to
Tg+200° C. for a period of time of 60—1/5 (Ts—Tg)
minutes, wherein TS is the transus temperature and Ts
is the intermediate solution treatment temperature.

16. A method as claimed in claim 8, comprising be-
fore the final cold working, carrying out the intermedi-
ate solution treatment at a temperature range of TS to
Tg+200° C. for a period of time of 60—1/5 (Ts—Tg)
minutes, wherein TS is the transus temperature and T's
is the intermediate solution treatment temperature.

17. A method as claimed in claim 1, 2, 3, 4, 9, 10, 11,
12, wherein the cold working is a cold rolling.

18. A method as claimed inclaim 1, 2, 3, 4, 9, 10, 11,
12, wherein the cold working is other than a cold roll-
ing.

19. A method as claimed in claim 5, 6, 7, 8., 13, 14, 15
or 16, wherein the cold working is a cold rolling.

20. A method as claimed in claim 5§, 6, 7, 8, 13, 14, 15
or 16, wherein the cold working is other than a cold

rolling. . .
® & x*
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